The distinction should be made clear between a diagnostic and a screening test. The former confirms or refutes the existence of an actual anomaly in a fetus believed to be at increased risk, whereas the latter identifies an increased likelihood of a fetal abnormality in an apparently normal pregnancy.[@ref5] The value of a screening test is outlined by the fact that most congenital anomalies are found among newborns from pregnancies with no risk factors. At our institution in Turin, 92% of 320 central nervous system anomalies and 70% of 350 cardiac malformations prenatally detected over the last 10 years were found in low-risk population.

1. Ultrasound in prenatal diagnosis {#sec1-1}
===================================

 {#sec2-1}

### Diagnostic potential of ultrasound {#sec3-1}

Initial data on the potential of ultrasound for detecting structural malformations were derived from populations at specific risk investigated at centers of excellence by expert operators, with sensitivities as high as 85-90% (Fig [1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}).[@ref6] Those promising data could not be replicated in the general population. Indeed, data on detection rates using ultrasound for screening for fetal malformations do vary widely, showing a range from 8.7% to 85%.[@ref7] Such wide differences reflect varying criteria for definition of malformation, postnatal examination, selection of study population, prevalence of specific anomalies within a population, and other methodology issues (e.g., single hospital versus multicenter setting, expertise and skills of operators, use of standardized protocols for ultrasonographic examination).[@ref8]

![Duodenal atresia at 28 weeks of gestational age.Transverse scan of the abdomen (ST, stomach;D, dilatated duodenal bulb; SP, fetal spine)](IPC-3-3-g001){#F1}

![Umbilical cord at the level of insertion into the fetal abdomen. Hemangioma (arrows); UC, umbilical cord; P, pseudocyst](IPC-3-3-g002){#F2}

![Bilateral polycystic kidney. Transverse section of the abdomen at 28 weeks (K, kidney; S, fetal spine)](IPC-3-3-g003){#F3}

![Cross section of a fetal thorax with hydrothorax (arrows); L, lung; H, heart](IPC-3-3-g004){#F4}

### Additional imaging techniques {#sec3-2}

Magnetic resonance imaging may help investigate specific anomalies, such as agenesis of corpus callosum, posterior fossa cysts, cerebral cleft, migrational disorders such as lissencephaly.[@ref9] Use of magnetic resonance imaging is nonetheless uncommon in clinical practice, being restricted to specific indications.[@ref10]

### Ultrasound screening {#sec3-3}

Ultrasound imaging is now routinely used in most European countries for the purpose of screening pregnancies for fetal malformations. The modalities, reliability and value of such screening, however, are controversial.

### Screening for fetal structural anomalies {#sec3-4}

As to the time in pregnancy at which ultrasound screening should be performed, it should be first noted that most structural anomalies are increasingly detected with advancing gestation.[@ref11] In early pregnancy, it is possible to recognise with confidence certain types of fetal malformations, like anencephaly, which can be reliably diagnosed at 10-14 weeks of pregnancy.[@ref12] In some cases omphalocele and limb anomalies are also definable using ultrasound in the first trimester, while other structural anomalies, like urinary tract abnormalities, are detectable later in pregnancy.[@ref13]

Screening for neural tube defects may ideally involve ultrasound examination in conjunction with maternal serum alpha-fetoprotein screen.[@ref10] On comparison of the two methods, maternal serum screening was found to have a slightly greater sensitivity compared to ultrasound.[@ref14]

Ultrasound screening for fetal structural abnormalities is generally recommended at 19-21 weeks of gestational age. The accuracy in detecting malformations by ultrasound, however, shows great variability among centres and operators. In one multicenter study, the accuracy of ultrasonographic studies performed before 24 gestational weeks was compared between tertiary versus nontertiary ultrasound laboratories involved, all of which were equipped with state-of-the-art equipment and were provided with in-service training, review and additional training conducted as necessary. Nonetheless, the overall sensitivity for ultrasonographically detectable fetal malformations was 35% in tertiary facilities significantly higher compared to 13% in community hospitals, suggesting that operator experience, skills, and training are important determinants.[@ref8] Other factors affecting sensitivity are: single vs multicentre study, type of malformation (major vs minor, single vs multiple, natural history of the disease during fetal life), gestational age at ultrasound examination, length and accuracy of follow-up (some malformations are detected in early or even late infancy).[@ref15] In a European multicenter study involving 3686 malformed fetuses the overall detection rate was 56%, but only 44% of the cases were diagnosed before 24 weeks.[@ref11] As shown in [Table 1](#T1){ref-type="table"}, sensitivity was higher for some and lower for other malformations.

###### 

Sensitivity of ultrasound by type of anomaly in 4615 malformations[@ref11]

![](IPC-3-3-g005)

Therefore, prevalence data of specific malformations in different studies also affect overall sensitivity of ultrasound within a given population. ([Table 2](#T2){ref-type="table"}).[@ref16]--[@ref18]

###### 

Accuracy of second trimester ultrasound screening by prevalence of type of malformations and study setting

![](IPC-3-3-g006)

### Screening for chromosomal anomalies {#sec3-5}

In the late 1990\'s, ultrasound screening at 10-14 weeks has increasingly included measurement of nuchal translucency, which is the maximum thickness of the subcutaneous translucency between the skin and the soft tissue overlying the cervical spine of the fetus.[@ref19] An increased nuchal translucency is associated with aneuploidy and cardiac malformations.[@ref20]

Either combined with ultrasound results or alone, maternal serum biochemistry is also used for screening for chromosomal anomalies toward the end of the first trimester or in the early midtrimester.[@ref21]

As previously said, ultrasound at around 20-21 weeks has long been considered for screening pregnancies for structural malformations. Use of second trimester ultrasound for detection of chromosomal anomalies was first suggested in 1985.[@ref22] Chromosomal defects were progressively found to be associated with certain sonographic features, including biometric parameters (e.g., short length of femur and humerus, pyelectasis, large nuchal fold, ventriculomegaly, early fetal growth restriction) and morphologic signs (e.g., choroids plexus cysts, echogenic bowel, echogenic intracardiac focus). Data on the validity of those markers as predictors of chromosomal anomalies (mostly related to Down syndrome) are at variance depending upon the author.[@ref23] Their reliability is undoubtedly increased in pregnant women at increased risk for Down syndrome, but the positive predictive value for each marker is dramatically decreased in low-risk women when applying the Bayes' theorem.[@ref24] Also, "Down syndrome markers" make up a heterogeneous group, including common findings in normal fetuses, like the echogenic intracardiac focus which occurs in approximately 5% of fetuses. As a result, ultrasound soft markers lead to a small increase in detection of congenital anomalies but a large increase in false positives. The detection of any of the above markers during a routine sonogram warrants careful scanning aimed at identifying additional markers because the finding of multiple markers indicates high risk for chromosomal anomaly.[@ref25] Notably, computerised programmes have been developed which permit to estimate the adjusted risk for aneuploidy by combining background risk (based on maternal age) and biochemical screening together with the above ultrasound features.[@ref26] These are useful when a marker is a chance finding during routine ultrasound scanning. However, at present, in the absence of studies validating second trimester sonography for the purpose of screening the general population for chromosomal anomalies, such use of ultrasound is not a recommended procedure.[@ref27] For example, it has been shown that the inclusion of soft markers when screening at 20 -- 22 weeks improves the detection rate of malformations from 50% to 54%; however, it also increases the number of false positive results from 0.04% to 0.53%.[@ref28] In this study two terminations of pregnancies carrying unaffected fetuses were performed. Moreover, the finding of a marker may adversely affect the pregnancy due to anxiety caused to the mother.[@ref29]

Cardiac malformations {#sec1-2}
=====================

 {#sec2-2}

### Epidemiology {#sec3-6}

Twenty years elapsed since the advent of fetal echocardiography. To date, almost every structural congenital heart disease (CHD) described in postnatal life has been detected in utero by fetal cardiac ultrasound.[@ref15]

Prenatal diagnosis has allowed new insights into the epidemiology of CHD. From published series of structural cardiac anomalies detected during fetal life it is apparent that the closest figure to the true incidence of CHD in the general population of fetuses is 1 percent.[@ref30] Discrepancy between prenatal and postnatal series can be partly explained by the unexpectedly high tendency towards spontaneous intra-uterine demise and early postnatal death of fetuses with cardiac abnormalities.[@ref31]

It is clear that there is a strong association between the presence of fetal cardiac disease, extracardiac abnormalities and aneuplodies.[@ref32] While the incidence of chromosomal abnormalities in fetuses with CHD ranges from 17 to 48 per cent,[@ref32]--[@ref35] only 5-10 per cent of infants with congenital heart disease are found to be chromosomically abnormal.[@ref36] Associated extracardiac structural malformations are more frequent as well, i.e. 19% prenatally compared to 13% at birth in the largest Italian series.[@ref31] This discrepancy is likely to be due to the tendency toward spontaneous fetal loss of pregnancies carrying chromosomically and/or structurally abnormal fetuses; however it is difficult to prove it, because of the high pregnancy termination rate altering the natural history of disease. We recently reported on 67 cases of anomalies of ventricular outlets which were diagnosed prenatally: chromosomal aberrations and extracardiac malformations were found in 18% and 37%, respectively.[@ref37] There were 48% livebirths in isolated cases and 15% in cases with extracardiac anomalies. The frequency of association with aneuploidies and/or extracardiac anomalies is different for differing congenital heart diseases, being highest for atrio-ventricular septal defects (48%) and lowest for complete transposition of the great arteries i.e. concordant atrioventricular connections with discordant ventriculoarterial connections (0-2.6%).[@ref31][@ref32]

### Screening and diagnosis {#sec3-7}

Ultrasound screening for fetal cardiac malformations is part of routine ultrasound screening at 19-21 weeks, according to scanning protocols including the four-chamber view.[@ref30]

In the setting of a low-risk population, a four-chamber view of the fetal heart potentially allows, at the best of its performance, the detection of only 40% of fetuses with complex heart disease;[@ref38] most missed cardiac lesions commonly involve outflow tract anomalies such as complete transposition, common arterial trunk, and aortic coarctation or minor anomalies such as atrial septal defects (septum secundum), small ventricular septal defects, mild pulmonary or aortic stenosis.[@ref8][@ref15][@ref30] The same considerations reported above for screening of congenital defects hold true for cardiac malformations, namely, different sensitivities for different settings and malformations ([Table 3](#T3){ref-type="table"}).[@ref6][@ref30][@ref39] Incorporating visualization of the outflow tracts and the great arteries into the scanning protocol would increase the detection rate to 65-70%. However, data on this type of screening is still limited[@ref40][@ref41] and further multicentric studies might show less encouraging results.

###### 

Results of routine scanning for cardiac anomaly detection

![](IPC-3-3-g007)

Both the four-chamber view, the basic cardiac examination commonly included in routine obstetric scanning, and the extended basic cardiac examination in which ventricular outflow tracts are visualized, must be distinguished from a true fetal echocardiographic examination. The latter includes, in addition to the two-dimensional approach, colour-coded Doppler echocardiography and pulsed Doppler. Colour Doppler echocardiography may, in some instances, provide essential diagnostic and prognostic information. The use of high-quality ultrasound machines, along with expertise and thorough training of the examiners are also required.[@ref15] Figures [5](#F5){ref-type="fig"}--[11](#F11){ref-type="fig"} illustrate the sections studied during a standard echocardiographic examination (four-chamber, short axis, long axis pulmonary artery, long axis aorta, aortic arch, ductus arteriosus, systemic venous return, pulmonary venous return).

![Apical four chamber view of the fetal heart (LV, left ventricle; RV, right ventricle; LA, left atrium; RA, right atrium; MB moderator band; PV, pulmonary veins; D Ao, descending aorta; S, fetal spine)](IPC-3-3-g008){#F5}

![Short axis of the great vessels (RV, right ventricle; PV, pulmonary valve; PA pulmonary artery; RA, right atrium; Ao, aorta)](IPC-3-3-g009){#F6}

![Long axis Aorta (Ao, aorta; RV, right ventricle; IVS, interventricular septum; LV, left ventricle; LA, left atrium)](IPC-3-3-g010){#F7}

![Ductus arteriosus (D, ductus arteriosus; RV, right ventricle; PA pulmonary artery; D Ao, descending aorta; A Ao, ascending aorta)](IPC-3-3-g011){#F8}

![Right parasagittal scan of fetal trunk demonstrating the inferior and superior venae cavae (IVC, SVC) entering the right atrium (RA)](IPC-3-3-g012){#F9}

![The aortic arch (Ao) as viewed from the anterior toracic wall (PA, pulmonary artery; head and neck vessels are indicated by the small arrows)](IPC-3-3-g013){#F10}

![The aortic arch (Ao) as viewed from the back of the fetus (PA, pulmonary artery; head and neck vessels are indicated by the small arrows)](IPC-3-3-g014){#F11}

Fetal echocardiography should be performed in groups selected on the basis of patient history and sonographic anomalies or markers, including extracardiac anomalies, maternal diabetes, infection, suspicious scan on screening, chromosomal aberrations. Fetuses with diagnosed extracardiac anomalies should be evaluated with fetal echocardiography because the detection of a cardiac anomaly may dramatically affect prognosis. Additional high-risk groups eligible for formal fetal cardiac scanning include hydrocephalus, omphalocele, congenital diaphragmatic hernia, abnormal cardiac position, visceral situs inversus and single umbilical artery. In this context, also should be listed abnormal biochemical screening or maternal age older than 34 years coupled with refusal of invasive karyotyping, increased nuchal translucency, early onset (below 32 weeks) fetal growth restriction, fetal arrhythmias, family history of congenital heart disease, hydrops, exposure to teratogenic agents.[@ref15][@ref42]

Estimates of diagnostic accuracy of fetal echocardiography depend on the prevalence of those anomalies which are most difficult to detect, like mild pulmonary stenosis, small septal defects, and aortic coarctation ([table 4](#T4){ref-type="table"}).[@ref43]

###### 

Accuracy of prenatal diagnosis of congenital heart disease[@ref43]

![](IPC-3-3-g015)

Echocardiographic images of structural cardiac anomalies in the fetus are shown in figures [12](#F12){ref-type="fig"}--[16](#F16){ref-type="fig"}.

![Four chamber apical view in a third trimester fetus with multiple cardiac rhabdomyomas (T, tumor; RV, right ventricle; LV, left ventricle; RA, right atrium; LA, left atrium)](IPC-3-3-g016){#F12}

![Four chamber view reveals a muscular ventricular septal defect (arrow), RV, right ventricle; LV, left ventricle; RA, right atrium; LA, left atrium](IPC-3-3-g017){#F13}

![Four chamber view and color Doppler of the same fetus reveals bidirectional flow through the ventricular septal defect (arrows)](IPC-3-3-g018){#F14}

![Transposition of great arteries in a 28 weeks fetus (LV, left ventricle; RV, right ventricle; PA, pulmonary artery; Ao, aorta)](IPC-3-3-g019){#F16}

Clinical implications {#sec1-3}
=====================

Congenital malformations occur in 2-4% of all births. Despite their relatively low prevalence, fetal malformations are responsible for approximately 30% of perinatal deaths in addition to considerable infant morbidity in developed countries.[@ref44]--[@ref46] Prenatal diagnosis of congenital disease provides information for decisions during pregnancy and appropriate treatment perinatally (timed delivery in tertiary care centers) and it is assumed to improve perinatal and long term outcome. However, this assumption has been demonstrated only for few specific subsets of malformations, and with conflicting results. Bonnet et al[@ref47] showed that prenatal diagnosis reduced to nihil pre- and post-operative mortality in fetuses affected by complete transposition. In another study[@ref48] preoperative conditions were improved in cases with complete transposition and hypoplastic left heart, without no improvement in perinatal mortality. Survival at 2 years was the same in diagnosed as in undiagnosed fetuses with pulmonary atresia with intact ventricular septum.[@ref49] No improvement was seen in cases of hypoplastic left heart diagnosed antenatally.[@ref50]

A major impact of antenatal diagnosis of malformations is related to the severity of the malformations detected. Most severe defects are reportedly detected earlier than minor ones, which is especially relevant in many countries where only before viability is termination of pregnancy authorized by law.[@ref11] The gestational age at which a severe malformation is diagnosed is therefore crucial to further management of the pregnancy. A recent metaanalysis assessing the use of routine ultrasound compared to selective ultrasound before 24 weeks gestation has shown that where detection of fetal abnormality was a specific aim of the ultrasonographic examination, earlier detection of clinically unsuspected fetal malformation occurred. As a result, an increased rate of pregnancy termination was recorded in study groups undergoing ultrasound screening (odds ratio 3.19; CI 1.54- 6.6).[@ref51] The impact of the high pregnancy termination rate is a decrease in prevalence of livebirths affected with severe malformations, of the order of 20%-30%.[@ref28][@ref52][@ref53]

In one retrospective study conducted on a community hospital over a 5-year period, with a relatively high detection rate for fetal malformations (averaging 72%), continuing significant improvement was recorded in the sensitivity of ultrasound examinations (from 53% in the first year to 79% at the end of the study). Accordingly, a trend toward more pregnancy terminations and fewer newborns with anomalies was apparent over the years.[@ref52] In another study,[@ref53] fetal cardiac screening was found to impact on the prevalence and types of congenital heart disease because many affected pregnancies (more than half of the 23% diagnosed prenatally) were terminated.

As already discussed for congenital heart disease, the spectrum of malformations diagnosed in utero is different from that observed in postnatal series, having the former a more severe prognosis due to the higher association with other structural or chromosomal anomalies.[@ref31][@ref35][@ref36] By implication, it may be difficult in some instance for the team of health-care professionals to have adequate data with which to counsel the parents after a fetal malformation has been diagnosed. This is particularly true for congenital heart diseases. People involved in the management of affected fetuses, e.g. obstetricians, paediatrician cardiologists, and paediatric cardiac surgeons, should all be aware that most prognostic data in the literature refer to postnatal series, while the prognosis to give parents should be drawn from studies of prenatally detected cases.[@ref50]

Future directions {#sec1-4}
=================

Future directions require the assessment of cost-effectiveness of screening ultrasound in differing settings in terms of populations and health care provision systems. A large, multicentre study of minor markers of Down syndrome is needed on low-risk patients to replace the data extrapolated from high-risk patient to the low-risk population.[@ref24][@ref29]

Apart from methodological issues, our knowledge of certain conditions is to be improved. For example, screening ultrasonography has been shown to increase the frequency of prenatally diagnosed hydronephrosis. Given the fact that many infants with congenital hydronephrosis remain without symptoms for months or even years before diagnosis, it should be important to establish whether prenatal diagnosis would benefit otherwise asymptomatic infants by preserving their renal function. Similarly, still poorly understood and currently under investigation is the in utero development of some types of congenital heart defects.[@ref54] Further assessment is needed of the incorporation of visualization of outflow tracts into the ultrasound screening protocol for congenital heart disease.[@ref55]

Because ultrasound can detect associations of specific anomalies, detection of patterns of anomalies may help make a diagnosis or determine which pregnant women should be offered invasive testing. The specificity of associations of the most frequent patterns has been analysed, and different patterns were found to aggregate in a relatively small number of clusters, so that several patterns can be considered in non-random associations.[@ref56] Thus, proper analysis of antenatal sonographic data sets might enable detection of new patterns of associations of anomalies, thereby enhancing further the diagnostic potential of ultrasound.

It has not been established to what extent information provided by magnetic resonance imaging may warrant changes in patient counselling and management, so that further studies are needed to assess how additional information from magnetic resonance imaging may affect outcome.[@ref57] In the meantime, real-time fast magnetic resonance imaging acquisition methods are being developed.
